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It is widely accepted that the maturation of the extrastriate cortex is not completed before late 
puberty. To gain insight into the functionality of the extrastriate cortex during normal 
development, we tested a group of 21 children (age 6-16 years) on their ability to detect motion- 
defined forms. With a two-alternative forced-choice procedure we determined thresholds and 
visual half-field asymmetries (i.e., left vs right) for detection of relative motion. It was found that 
children had higher thresholds than adults. Furthermore, children had more difficulty with the 
detection of motion in the left than right half-field, whereas the control group of 33 adults (age 21- 
55 years) performed similarly in both visual half-fields. These results are discussed in the fight of a 
hemispheric asymmetry in the maturation of the extrastriate cortex. © 1998 Elsevier Science Ltd. 
All rights reserved. 
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INTRODUCTION 
Maturation of the human visual cortex is not completed 
until late in adolescence (Conel, 1939-1963; Yakovlev & 
Lecours, 1967; Spekreijse, 1978; De Vries-Khoe & 
Spekreijse, 1982; Spekreijse, 1983; Chiron et al., 1992; 
Hassink, Hiltbrunner, MUller, & Ltitschg, 1992; Ossen- 
blok, Reits, & Spekreijse, 1992; Staudt, Schropp, Staudt, 
Obletter, Bise, & Breit, 1993). Moreover, homologous 
regions of the visual colXex in the human left and right 
hemispheres seem to have maturational cycles with 
different postnatal ons;et imes and with different 
maturational time courses. Substantial evidence for this 
is given by Ossenblok, De Munck, Wieringa, Reits, and 
Spekreijse (1994), who provided evidence for a hemi- 
spheric asymmetry in the maturation of extrastriate 
activity to pattern onset stimulation. Conel (1939-1963) 
showed, furthermore, that the myelination of the extra- 
striate visual cortex develops asymmetrically in children, 
and Thatcher, Walker, and Giudice (1987) provided 
evidence for a hemispheric asymmetry in the establish- 
ment of cortico-cortical connections. 
With hemispheric asymmetry in visual cortical ma- 
turation persisting into the second ecade of life, in the 
present study we wanted to address the following two 
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questions: (1) are the visual psychophysical thresholds 
during late childhood ifferent from those in adulthood; 
and (2) do left-hemispheric or right-hemispheric psycho- 
physical responses of children differ from those of adults. 
To answer these questions we tested a group of children 
(age 6-16 years) and adults (age 21-55 years) with 
normal vision on their ability to detect black-and-white 
motion-defined forms, since for the perception of this 
type of visual stimuli extrastriate cortical processing is 
required (Regan, Giaschi, Sharpe, & Hong, 1992). 
METHODS 
Human subjects 
Twenty-one children of 6-16 years of age and 33 
adults of 21-55 years of age participated in the 
experiment. One child and three adults were left-handed. 
The other subjects were right-handed. All subjects were 
healthy volunteers with no history of neurological 
disorders and with normal or corrected-to-normal vision 
(i.e., between 4/5 and 1/1), as assessed with the Landolt- 
C acuity chart. 
The subjects watched the stimulus monocularly with 
the eye of choice. Eleven children preferred the left and 
10 the right eye. In the adult group these numbers were 16 
and 17, respectively. The assumption was made that the 
choice of eye would not interfere with visual half-field 
asymmetries, since the left visual half-field of either eye 
is projected to the right hemisphere and the right visual 
half-field to the left hemisphere. In nine children and 19 
adults left and right eyes were tested separately. 
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FIGURE 1. Illustration of a motion-defined Landolt "C" appearing in
the left half-field. The large dot in the centre of the field indicates the 
fixation spot and the dotted line (absent in the stimulus) indicates the 
pre-determined border of the "C". The field is filled with pixels of 2 
arcmin (i.e., the small dots), randomly coloured black or white, with a 
50% probability for either colour. For illustration purposes, pixel size 
is larger in the figure and pixel density is smaller. Pixels within the 
border of the "C" were coherently displaced ina direction opposite to 
that of the pixels of the background, asindicated by the arrows, which 
led to the percept of the "C". Pixels were displaced either in oblique 
directions (as illustrated) orvertical ones. The "C" appeared ineither 
left (as illustrated) or right of fixation, with the gap either "up" (as 
illustrated) or "down". 
TABLE 1. Stimulus variables at test-levels A-F 
Total  Stimulus pre- 
Number of displacement sentation time 
Test-level displacements (arcmin) (msec) 
A 3 6 133 
B 2 4 125 
C 2 4 100 
D 1 2 100 
E 1 2 84 
F 1 2 67 
The difficulty in perceiving the motion-defined "C" (illustrated inFig. 
1) increases from test-level A to F. The shortest presentation time 
of a single pattern was 33 msec and the longest 50 msec. 
the motion of the pixels was perceived. Note that the 
displacement of pixels led to the percept of a "C" but that 
the "C" itself was stationary. The concept of motion- 
defined forms was adapted from Regan et al. (1992). 
Spatial displacement of pixels and stimulus presenta- 
tion time were manipulated to create six test-levels 
(levels A-F, see Table 1). Stimulus presentation time was 
kept short to prevent eye movements from being initiated 
in response to the appearance of the "C". The outer 
diameter of the "C" was 1.8 deg, and the centre of the "C" 
was presented at an eccentricity of 1 deg in the left or 
right visual half-field. The width of the gap in the "C" 
was 22 arcmin. Macular presentation was used because 
motion sensitivity in this region is in adults, directionally 
is•tropic, higher than in the peripheral retina, and does 
not show nasal/temporal symmetry (Raymond, 1994). 
This latter point might otherwise interfere with hemi- 
spheric asymmetries. 
Apparatus 
The stimulus was presented on a black-and-white 
monitor (Mitsubishi). The monitor was driven by a digital 
stimulus generator (Venus 1020, Neuroscientific) with a 
resolution of 256 × 256 pixels and a frame rate of 
119.73 Hz. The screen with a mean luminance of 40 cd/ 
m e was 16 × 16cm and viewed from a distance of 
110 cm; thus corresponding to a visual angle of 8.3 deg. 
Stimuli 
Motion-defined Landolt "C"s were generated from 
patterns containing randomly distributed black-and-white 
pixels (see Fig. 1). Pixel size was fixed at 2 arcmin, pixel 
contrast at 95% and pixel probability at 50%, throughout 
the experiment. The percept of the "C" was achieved in 
the following way: each pattern was presented uring a 
fixed interval, between 33 and 50 msec, and then replaced 
with a new pattern in which the pixels were coherently 
displaced over a distance of 2 arcmin (i.e., over the 
distance of 1 pixel) with respect o the previous pixel 
positions. Displacement of pixels within the pre-deter- 
mined border of the "C" took place in the opposite 
direction to that of the pixels in the background, in either 
oblique directions (45 or 135 deg) or vertical ones. At the 
border of the "C", pixels appeared and disappeared. Thus, 
the "C" could be segregated from the background only if 
Procedure and threshold etermination 
The experiment consisted of two sessions: in session 1 
motion-defined "C"s were generated from oblique pixel 
displacements, and in session 2 from vertical pixel 
displacements. Twenty out of 21 children and 29 out of 
33 adults participated in both sessions. 
During each session, the subject sat in the dark and 
viewed monocularly a red LED fixed in the centre of the 
screen. The subject's task was to discriminate between 
"C"s with a gap "up" and "down" (two-alternative 
forced-choice) while maintaining central fixation. The 
"C"s were briefly presented in only one visual half-field 
at the time, randomly appearing to the left or right of the 
LED. The intervals of presentation of the "C" were 
alternated with 1.6 sec intervals during which the screen 
was blank and during which the subject had to indicate 
verbally whether the gap in the "C" had been "up" or 
"down". To maintain eye fixation during stimulus 
presentation, the LED was turned on and off synchro- 
nized with the appearance and disappearance of the "C", 
respectively, but remained clearly visible all the time. 
Only the experimenter knew which of the two "C"s 
would appear ("up" or "down") and in which half-field 
("left" or "right"). The subject was instructed that in case 
he or she was uncertain about the correct answer, he or 
she had to guess. Feedback was given to the subject on 
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FIGURE 2. The percentage of subjects who performed above threshold as a function of test-level, for oblique motion (on the 
left) and vertical motion (on the right). Groups' percentages across test-levels A-F were compared with survival analysis 
(Gehan's Wilcoxon test) and showed significant differences (P< 0.005), for both oblique and vertical motion. 
the overall performance but not on visual half-field 
differences in performance. Prior to each session, 
subjects were trained with 24 practice trials. 
To assess individual threshold performance (i.e. a 
correct "C" identification between 65 and 80% in either 
visual half-field), the difficulty of the task was increased 
from test-levels A-F (see Table 1). The procedure for 
threshold determination was as follows. Each session 
started at test-level A and 70 trials (i.e., 35 presentations 
in each visual half-field) were presented to the subject. 
The subject went to the higher and more difficult test- 
levels (test-levels B-F) until performance in either visual 
half-field had reached tl~eshold. After this, the subject 
could relax for up to 10 min before 120 trials at the 
threshold test-level, 60 trials in each visual half-field, 
were presented to the subject. The performance of the 
subject in this series of 120 trials was used to examine the 
extent of the visual half-field asymmetry. 
Determination of visual half-field asymmetry 
We used an asymmetry score as a measure of visual 
half-field differences. The asymmetry score was defined 
as the difference, at thres]~old, between error proportions 
(i.e. the number of errors divided by the number of 
presentations) in the left and right half-fields. In formula: 
AS = p(1) -p(r) ,  where AS is the asymmetry score, and 
p(1) and p(r) are the left and right half-field error 
proportions, respectively. Thus, the asymmetry score 
could be calculated only in subjects who had reached 
threshold performance. A positive asymmetry score 
indicates that the subject had more difficulty to perceive 
the "C" presented in the left half-field than in the right 
half-field (i.e., a left half-field deficit). A negative 
asymmetry score indicates a right half-field deficit and 
an asymmetry score of 0 indicates imilar performance in 
both visual half-fields. 
Analysis and statistics 
Survival analysis (Gehan's Wilcoxon test) was used to 
test for threshold ifferences between children and adults 
(see Fig. 2), for oblique and vertical motion. The analysis 
was based on a systematic comparison of the percentage 
of children and adults who participated in test-levels A-  
F, for oblique and vertical motion. No inter-individual 
differences were found between the thresholds when both 
eyes of a subject were tested. 
To determine whether it was necessary to study the 
asymmetry scores in the left and right eyes separately, 
repeated measure analysis of variance was used to test for 
differences in visual half-field asymmetries between the 
left and right eyes, with left and right half-field error 
proportions and left and right eyes as repeated measure 
factors. The analysis was performed on right and left eye 
data of nine children and 19 adults. The analysis howed 
that visual half-field asymmetries for the left and right 
eyes were not significantly different. Hence, in cases in 
which the left and right eyes of a subject had been tested, 
the pooled asymmetry score of the two eyes was 
calculated. The data related to individual asymmetry 
scores (see Fig. 3), therefore, contain measurements 
obtained in either the left or right eye, or represent the 
pooled value of the two eyes. A Student' s t-test was used 
to test for differences between the mean asymmetry score 
of children and adults, for oblique and vertical motion. 
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FIGURE 3. Asymmetry scores in children and adults for oblique or vertical motion. The vertical dotted line separates the two 
age groups. Asymmetry scores were obtained by subtracting the right half-field error proportion from the left half-field error 
proportion. The mean asymmetry score of the group of children for oblique motion, differed significantly from that of the adult 
group (P < 0.001, Student's t-test). 
RESULTS 
Thresholds 
Figure 2 shows how thresholds are achieved in children 
and adults as a function of test-level. The percentage of 
the 21 children and 33 adults who performed above 
threshold at test-levels A-F for oblique motion (i.e., 
session 1) are shown in the left part of Fig. 2. Statistical 
analysis of these results revealed that the performance of
children differs significantly from that of adults 
(P < 0.005, Gehan's Wilcoxon test), which indicates 
that children, as a group, were less sensitive to these 
motion-defined forms than adults, as a group. 
The difference between the performance of children 
and adults for oblique motion was already evident at test- 
level A, where three children (i.e., 14% of the group) 
responded below threshold. These three children were 
aged 6.5, 7, and 7.5 years and their performance was at 
chance. At test-level D both children and adults indicated 
that the task had become too difficult for them and that 
they no longer had confidence in their answers. This 
complaint correlates quite well with the large drop in 
performance from test-level C to D and onwards, in both 
age groups. At test-level F, all children had shown 
threshold performance, whereas three adults (9% of the 
group) still managed to perform above threshold. The 
three children and three adults of whom none of the test- 
levels were appropriate to determine thresholds for 
oblique motion (i.e., the three children performing below 
threshold and the three adults performing above thresh- 
old) were excluded from further visual half-field analysis. 
The percentage of the 20 children and the 29 adults 
who performed above threshold at test-levels A-F  for 
vertical motion (i.e., session 2) are shown in the right part 
of Fig. 2. The way in which threshold performance was 
achieved across the various test-levels for vertical motion 
was for nearly all subjects, similar to that observed for 
oblique motion. The same three children who performed 
below threshold for oblique motion, and two of the three 
adults who performed above threshold for oblique 
motion, showed also non-threshold performance for 
vertical motion. As a group, the difference in perfor- 
mance between children and adults was significant 
(P < 0.005, Gehan's Wilcoxon test), and similar to that 
for oblique motion. 
Visual half-field asymmetries 
The individual asymmetry scores obtained for oblique 
motion (session 1) and vertical motion (session 2) are 
given in Fig. 3. Sixteen out of 18 children had an 
asymmetry score with a positive value for oblique 
motion, and 16 out of 17 children for vertical motion. 
The value of the asymmetry score in these children 
indicates that these children made more mistakes in the 
identification of motion-defined "C"s in the left than in 
the right half-field. The mean asymmetry score in 
children differed significantly from 0 (P < 0.001, Stu- 
dent's t-test), both for oblique and vertical motion. 
In adults, as a group, the mean asymmetry score was 
different from that in children. As shown in Fig. 3, 15 
adults had a positive asymmetry score for oblique 
motion, 14 adults a negative one and one adult had a 
score of 0. The corresponding numbers for vertical 
motion were 15, 11, and 1, respectively. The mean 
asymmetry in adults, for each direction of pixel motion, is 
not significantly different from 0, which indicates that, on 
average, the detection of motion-defined "C"s is sym- 
metric across the visual half-fields in adults. Thus, it 
seems that the left half-field deficit for the detection of 
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FIGURE 4. Scatter plots of the asymmetry scores obtained for oblique 
motion vs the asymmetry scores obtained for vertical motion. (A) The 
visual half-field performance of children. (B) The visual half-field 
performance of adults. The asymmetry scores correspond with the data 
points presented in Fig. 3. 
motion-defined forms in children, as a group, is absent in 
adults, as a group. This difference between age groups for 
oblique motion was significant (P < 0.001, Student's t-
test). 
Figure 4 shows that he value and the sign (i.e., positive 
or negative) of the asymmetry scores obtained for oblique 
and vertical motion show a good correspondence in both 
children and adults. 
DISCUSSION 
Thresholds 
It is not likely that the high thresholds in the youngest 
subjects (see Fig. 2) were produced by methodological 
factors such as the test being too difficult o understand 
(Mantyj~rvi, 1991). Prior to the experiment, the Landolt 
"C" acuity chart was used to examine visual acuity in all 
subjects. All children proved to be familiar with the 
concepts "up" and "down", understood that they had to 
say where the gap in the "C" was located, and gave 
correct answers. In case the gap was located "left" or 
"right", the youngest children had more difficulty to give 
correct answers. They saw the gap and could point with 
their finger at the correct direction, but they confused the 
words. Therefore, in the setup of the two-alternative 
forced-choice procedure we restricted the choice to "up" 
and "down". 
The within-group difference between thresholds ob- 
tained for oblique and vertical motion, as might appear 
from comparison of the per cent subjects at test-levels D
and E in the left and right parts of Fig. 2, is not significant, 
neither in children or adults. This indicates that the 
sensitivity to motion-defined forms is directionally 
isotropic (i.e., equal for the oblique and vertical 
directions) in children as well as in adults. This finding 
is in accordance with the results of Raymond (1994), who 
found that sensitivity to coherent motion was direction- 
ally isotropic in the fovea of adults. 
Visual half-field asymmetries 
Attentional deficits in the group of children can be 
ruled out as explanation for the difference in visual half- 
field performance ofthe group of children and adults (see 
Fig. 3), since the extent of the visual half-field asymmetry 
was consistent among children. 
Our finding of symmetry in the detection of motion- 
defined forms in the left and right visual half-fields in the 
group of adults is consistent with the findings by 
Raymond (1994) of symmetric motion coherence thresh- 
olds for the detection of global motion in random dot 
kinematograms across the visual field in adults, and with 
the findings by Smith and Hammond (1986), who 
compared the perceived velocity from the left and right 
visual half-fields in adults. 
The presentation times of the motion-defined "C" of 
133 and 125 msec at test-levels A and B, respectively 
(see Table 1), was longer than the onset latency of 
saccadic eye movements. Goal directed saccadic eye 
movements with latencies as short as 100 msec have been 
reported, for example, by Fischer and Boch (1983) and by 
Fischer and Ramsperger (1984). On the basis of these 
reports, one could argue that subjects at test-levels A and 
B in our study might have had sufficient time to direct 
their gaze to the lateralized stimulus. This seems not to 
have influenced our analysis ince the three children who 
at test-level A had an error percentage ofabout 50 in both 
visual half-fields, were excluded from the visual half- 
field analysis. Moreover, the visual half-field projections 
at test-level B showed aclear left half-field eficit in three 
children. 
The variation in asymmetry scores among the children 
and adults in our study was large. Bryden and Mondor 
(1991) propose that factors like attentional imbalance, 
inadequate ye fixation, and eye movements during 
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stimulus presentation, could account for this. We believe, 
however, that in our study the variation in asymmetry 
scores can be attributed mainly to cortical factors, since 
the asymmetry scores derived from the same subject for 
oblique and vertical motion, correlate quite well (see Fig. 
4). On the other hand, the large variation in asymmetry 
scores observed indicates that brain maturation of a 
particular subject can not be established on the basis of 
visual half-field performance, except when the perfor- 
mance is monitored over time. 
General discussion 
It can be questioned whether the lower performance of 
children to extract information from rapid presentations 
(see Fig. 2) reflects the immaturity of motion-specific 
processes in the brain (Vaina, 1989, Zihl, Von Cramon, 
Mai, & Schmid, 1991; Regan et al., 1992; Plant, Laxer, 
Barbaro, Schiffman, & Nakayama, 1993). Since we used 
very short stimulus presentation times, between 67 and 
133 msec (see Table 1), and since three of the children 
were unable to identify any of the motion-defined "C"s, it 
could be argued that children perform worse than adults, 
not because children have a cortical deficit in the 
processing of visual motion information, but because 
stimulus presentation time was too short for them to 
integrate visual information in general. However, in 
another paper (Hollants-Gilhuijs, Ruijter, & Spekreijse, 
1998--previous paper in this issue) we show that the 
same children, even the youngest ones of 6-7 years, are 
able to identify colour-contrast-defined Landolt-C figures 
with a presentation time as short as 84 msec. We, 
therefore, suggest hat the difference between children's 
and adults' sensitivity to motion-defined forms, as 
presented in this paper, reflects the immaturity of 
motion-specific processes in the brain. 
The results in Fig. 3 show that it is more difficult for 
children, as a group, to extract motion information from 
the left half-field than from the fight half-field. Since this 
left half-field deficit is absent in adults, as a group, our 
results suggest hat the maturation of motion sensitive 
areas of the extrastriate cortex in children's right 
hemisphere is delayed with respect to that of the 
homologous cortical regions of the left hemisphere. In 
contrast, a study with checkerboard onset stimuli has 
shown that activity in area 18 of the extrastriate cortex in 
children's right hemisphere xceeds the strength of the 
homologous left-hemispheric source (Ossenblok et al., 
1994), in accordance with the right hemispheric advan- 
tage in the progress of myelination of area 18 (Conel, 
1939-1963). However, since processing of motion- 
defined forms demands the functionality of extrastriate 
cortical regions beyond area 18 (Regan et al., 1992), our 
results are not contradictory to those of Ossenblok et al. 
(1994), and Conel (1939-1963). 
There are only a limited number of studies which deal 
with hemispheric asymmetries during maturation. 
Thatcher et al. (1987) discuss that there are no simple 
"left-right" maturational gradients. Instead, different 
regions of the left and right hemispheres develop at 
different rates and ages. It was found for example by 
Thatcher et al. (1987) that left frontal-occipital con- 
nectivity and left frontal-temporal connectivity devel- 
oped earlier during childhood than the homologous right 
frontal-occipital nd right frontal-temporal connectivity. 
In contrast, it was found that connectivity within the right 
frontal pole developed earlier than the connectivity 
within the homologous left frontal pole. Therefore, from 
the studies already published on hemispheric asymme- 
tries during cortical maturation (Conel, 1939-1963; 
Thatcher et al., 1987; Ossenblok et al., 1994) no 
conclusions can be drawn about the anatomical and 
physiological substrates which underlie the visual half- 
field asymmetry in the processing of motion-defined 
forms in children. 
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